This paper focuses on a very important point which consists in evaluating experimental data prior to their use for chemical process designs. Hexafluoropropylene P, ρ, T data measured at 11 temperatures from 263 to 362 K and at pressures up to 10 MPa have been examined through a consistency test presented herein and based on the use of a methodology implying both neural networks and Virial equation. Such a methodology appears as very powerful to identify erroneous data and could be conveniently handled for quick checks of databases previously to modeling through classical thermodynamic models and equations of state. As an application to liquid and vapor phase densities of hexafluoropropylene, a more reliable database is provided after removing out layer data.
Introduction
Nowadays a great concern towards the environment protection is shown by the refrigeration industry which is urged to find new fluids as refrigerants substitutes. In Montreal Protocol (1987) it was decided to phase out and replace ozone-depleting refrigerants like chlorofluorocarbons (CFC's) and hydrochlorofluorocarbons (HCFC's). Consequently CFCs were prohibited in 1996 by the signing of Montreal Protocol countries and the fixed deadline for a total banishment of HCFC's which have low ozone depletion potential was set , i.e. 2030 [1] .
Alternative compounds must be found and hexafluoropropene (HFP, R1216), CAS Number 116-15-4 is good candidate with its 0.86 GWP value [2] , eventually mixed to other components. Numerous data concerning volumetric properties of this compound obtained using the vibrating-tube densitometer technique are available in Coquelet et al. paper [3] . They correspond to P, ρ, T triplets belonging to 11 isotherms reported partly in tables 2 and 3. It is highly recommended prior to using data for process design to have serious estimation about their reliability and their accuracy, mainly in order not to take too big error margins. The best recommendation that could be done to experimental laboratories would be the use of several experimental techniques to check for reproducibility of data [4] and consequently provide guaranteed data. Young researchers must be encouraged to handle experimental works that are so useful to industry and theoricists [5] . Collaborations between laboratories with complementary skills in either experimental, modeling and simulation are a real advantage for presenting worth and reliable data. Starting a French thermodynamic research federation under the auspices of CNRS is in project along with the setup of an international network. The following sentence [6] : "All of the just mentioned points need to be addressed in the frame of a thermodynamicists' network. This is one of the urgent goals to be achieved in the near future" is found just after a list of comments and remarks done during round table discussions.
For low pressure PVT data, a very simple test consists in verifying the data do follow the virial equation and agree with the perfect gas law when pressure tends to zero (density tends to zero while pressure tends to zero).
For high pressure PVT data, the use of a flexible model, as a neural network based model, allows testing internal constancy of data.
These approaches are enlightened in this paper. They are complementary tests to over, for example see references [7] [8] [9] , but are the most convenient here, in the considered pressure range.
Thermodynamic Consistency of Data in Vapor Phase through the Virial Equation
At low pressures the use of the virial equation is quite convenient to check for data consistency with respect to vapor phase. Indeed, it is well known that the virial equation, truncated after the 3rd term allows acceptable representation of PVT data of pure compounds at low and medium pressures (up to about 2 MPa). This equation is written as:
with B and C being the 2nd and 3rd virial coefficients. These two parameters can be adjusted from isothermal experimental data by rewriting Equation (1) as:
(2) By tracing the evolution of the ((P.v/R.T)-1). v term versus 1/v, it is possible to check for the linearity of Equation (2) . Applied to data at 348.1 K, the results are shown in Figure 1 . Perfect linearity is observed for 1 / v above 0.4 kmol·m -3 i.e. above 1.0 MPa. But, at lower pressures, the experimental points depart significantly from linearity. Experimental uncertainties cannot explain these discrepancies while the virial equation is all the more justified for the lowest pressures.
Such departures, at low pressures, displayed at 348.1 K are observed for all of the other temperatures. This observation proves that although the densimeter vibrating tube [3] is ideal for measuring medium or high density values it is no longer the ideal tool for very low densities.
Although a low pressure "pressure transducer" was used, when working at the lowest pressures, this was not the solution for ensuring quality density values. It is reasonable to believe that densimeter designed for working at pressures up to 40 MPa, is not convenient at low pressures because of its thick-walled (not sensitive enough) vibrating tube.
For low pressures, the values of data P.V.T can be extrapolated preferably and conveniently from the data obtained at higher pressures, by using the virial equation. In Table 1 , are given the values of the 2nd and 3rd virial coefficients calculated from the reliable part of the data. 
Thermodynamic Consistency of Data in Liquid Phase through a Multiparameter Model
A multiparameter model allows the representation of experimental data within their experimental uncertainties, provided the uses of a sufficient number of parameters and the availability of great enough number of data. When a reduced number of data are not consistent with respect to main part of database, the model will lead to a representation presenting deviations much higher than estimated values of experimental uncertainties. Consequently, doubtful data will be easily identified through deviation plots.
Multiparameter models must have certain characteristics: they must be very flexible and able to admit a great number of parameters. A neural network based model has all these characteristics. It will be used in this work. Detailed description of neural network models is given elsewhere [10, 11] . Figure 2 shows the topology of a neural network with only one hidden layer. The activation function, used herein, is the sigmoid one. Through optimization procedure the adequate number of neurons in hidden layer was found to be 7, allowing both under and over-fittings. The two neurons in the input layer represent the following independent variables: temperature T and density ρ, while the output variable is the pressure P. All variables are normalized between 0.1 and 0.9 to deal with large variable ranges.
We have selected 4300 triplets in a random way among not the published data 3 but the raw data as they were got by the authors through their data acquisition unit (about 48,000 (P, ρ, T) triplets), for the training the network (adjustment of its 29 parameters). This permits observing the deviations between experimental and calculated pressures for these 48,000 triplets. It is worth to use raw data instead of published data as they are not rounded and consequently have more digits available for mathematical treatments. Special behavior is pointed out at 348.2 K, see Figure 3 . In fact, between 8.5 and 10 MPa, several points evolve in a way different from most of the others. To enlight clearly this problem, we have plotted (see Figure 4 ) the density as a function of pressure in the (8-10) MPa range. One observes two distinct series of data. The series corresponding to the lowest density values but also to the highest Pexp-Pcal deviations must be eliminated from the corresponding isothermal set data (30 experimental points). A new neural network treatment on the 348 K isothermal data after removing doubtful data was carried out adjusting again 29 parameters. Even after discarding these 30 experimental points too high deviations are still observed; they concern 450 data that must be also discarded. Four successive treatments have been necessary to obtain a clean coherent dataset (deviations in agreement with estimated experimental uncertainties).
Behaviors similar to those displayed in Figures 3 and 4 are found at all temperatures. Corresponding complementary figures are available upon request to the corresponding author of this paper. All isothermal data at 355.2 K must be rejected, the reason of rejection being the high standard deviation that is observed between experimental and calculated pressures; It is, in fact, 5 times bigger for this isotherm than for all other isotherms. Finally, 42,240 triplets are considered as trustable over the 48,000. Pressure deviations corresponding to these 42,240 triplets are plotted in pressure sensor used. The standard deviation on the 42,240 points is 0.005 MPa, this is about ten times larger than their estimated pressure uncertainties. We can conclude uncertainties on pressures were evidently underestimated by Coquelet et al. [3] . Table 2 contains only the trustable data from Tables 2 Table 1 . Densities of HFP.
Vapor densities Liquid and supercritical densities 
Conclusions
Through the present study we have pointed out the importance of reliable and accurate data and the usefulness of simple data consistency tests. These simple tests justify the development of various performing techniques such as those based on neural network. Density of gases and gas mixtures must tend to zero when pressure tends to zero and additionally the virial law must be followed.
Neural network based approach presently used to assess the quality of experimental hexafluoropropylene densities gives encouraging results.
For supercritical HFP only one isotherm has been conserved from previous work [3] . Due to high thermal effects in the vicinity of critical point, it would have been certainly necessary to be more careful and more patient recording the data (very small pressure changes are requested as a function of time).
Finally, we conclude neural network modeling is worth in the assessment of data consistency.
As far as high pressure vibrating tube densimeters are used, vapor densities at very low pressures are better determined through extrapolation of higher pressure values using virial equation of state.
Only trustable densities for the three vapor, liquid and supercritical physical states have been reported herein.
Supporting Information Available:
Density values of HFP at various temperatures and in its various states: vapor, liquid and supercritical. This material is available upon demand to corresponding author: laugier@enscbp.fr. It has to be used preferably to the material presented in Coquelet et al.'s paper [3] that unfortunately contains inaccurate and erroneous data.
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